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HAVING NACA 10-(3)(08)-03 BLADES 
By Robert E . Davidson 


SUMMARY 


Data obtained in tests of a 10-foot diameter, three -blade propeller, 
having NACA 10-(3)(o8)-03 blades, conducted in the Langley l6-foot 
high-speed tunnel are presented. The propeller performance quantities 
related by the tests are thrust, torque, efficiency, and advance ratio 
for various rotational speeds or stream. Mach numbers with blade angle 
as a parameter. Advance Mach numbers varied from 0.12 to 0.64. 


INTRODUCTION 


The National Advisory Committee for Aeronautics has completed a 
broad program of propeller aerodynamic tests to determine the effect 
of varying the solidity, camber, thickness, shank form, and blade 
number . 

The purpose of the tests discussed herein was to show the effect 
of varying the number of blades in a propeller. For this purpose the 
test results may be compared with those in reference 1 which describes 
similar tests of a two-blade propeller using blades identical with those 
in the three -blade propeller. 

TESTS 


The tests were conducted at various tunnel velocities for constant 
values of propeller rotational speed and blade angle. (See table I for 
summary of tests.) The fixed rotational speeds were 1140, 1350, 1500, 
1600, 2000, and 2l60 rpm. The blade angles at the three-quarter rad-ius 
ranged from 20° to 55° in 5° increments . 

A few tests at 3 = 45° were made at constant Mach number for 

0-75R 

various rotational speeds from the speed which gave approximately zoro 
torque to that which required the maximum available dynamometer torque . 
The dynamometer torque limitation required some of the constant Mach 
number tests to be tenninated before peak efficiency had been reached. 
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APPARATUS 


The tests were conducted in the Langley l6-foot high-speed tunnel 
with the 2000-horsepower propeller dynamometer and related equipment 
described in reference 1. 

Propeller configuration .- The propeller configuration was as 
follows : 

Number of blades 3 

Diameter, feet 10.05 

NACA blade designation .' 10-( 3)(08)-03 

Blades .- The blades were designed at the NACA Langley Laboratory 
and are designated NACA 10-(3)(o8)-03- While the number of blades in the 
subject propeller was three, the blades were designed for use on a 
four-blade propeller. Blade-form curves are given in figure 1. The 
blades are characterized by the following data for the section at the 
0 .7 radius : 

Design lift coefficient 0.3 

Thickness ratio 0 .08 

Blade solidity 0.03 


A complete description of the method of measuring thrust, torque, 
rotational speed, and airspeed is given in reference 1. From these 
quantities the propeller coefficients -were determined. Propeller thrust 
as used herein is propeller shaft tension with spinner force removed. 


REDUCTION OF DATA 


SYMBOLS 


blade chord, feet 


c 




design section lift coefficient 


C 


C. 


P 


T 


power coefficient 


thrust coefficient 



D 


propeller diameter, feet 


h 


blade-section maximum thickness, feet 
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J 

M 

M 1 

n 


T 

V 


3 

3 

0 .75R 
n 


advance ratio (v/nD) 
Mach number 

helical tip Mach number 



propeller rotational speed, rps 
propeller thrust, pounds 
velocity of advance, feet per second 
blade angle, degrees 

blade angle at three-fourths tip radius, degrees 


propeller efficiency 



RESULTS 


Faired curves of propeller performance are presented in figures 2 to 9. 
Test points are shown on the curves giving thrust and power coefficient. 

Shown on the propeller-efficiency curves are plots of stream and 
helical tip Mach number as a function of J. Small discontinuities in the 
Mach number curves for the individual tests appeared in the data. These 
discontinuities, caused by changes in atmospheric conditions between 
periods of tunnel operation, have been faired out to show a continuous 
variation of Mach n umb er with J . 

Envelope-efficiency curves are plotted in figure 2 as a function 
of advance ratio for various rotational speeds. Also shown in figure 2 
is the induced efficiency of a propeller with the Betz loading and the 
same disk power loading as the subject propeller operating at the 
envelope -efficiency advance ratio for each biade angle tested at 1350 rpm. 
The efficiency of this ideal propeller was obtained from the charts of 
reference 2 and is labeled optimum efficiency in figure 2 . 


DISCUSSION 


Remarks on blade number and solidity .- Figure 10 shows peak 

at ^0 .75R = plotted against tip Mach number for three 

propellers differing in solidity and blade number. As the advance 
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ratio for peak efficiency is substantially the same for the three 
propellers, figure 10 indicates the effect of varying blade number or 
solidity. 

The propellers have the following characteristics at the 0 .7 radius : 


Propeller 

Design 

C L 

Solidity 

10-(3)(08)-03 
2 blades 

0-3 

.060 

10-(3)(08)-045 
2 blades 

•3 

O 

VO 

O 

10-(3)(08)-03 
3 "blades 

•3 

.090 


The curve for the propeller with two 10-( 3)(08)-03 blades compared 
with that for the propeller with two 10-(3 )(o8)-01j- 5 blades shows the 
decrease in efficiency resulting from increasing disk power loading 
(or, in this case, power coefficient) by increasing solidity. 

The results for the propeller with two 10-( 3)(o8)-Ok5 blades com- 
pared with those, for the propeller with three 10-( 3)(08)-03 blades 
show the increase in efficiency resulting from increasing the number 
of blades for a given set of design conditions, that is, scale, advance 
ratio, and power coefficient. Actually, the two-blade propeller 
operated at a power coefficient slightly less than that of the three-blade 
propeller which would mean that the difference in efficiency would have 
been greater than is indicated by figure 10 if the power coefficients 
had been equal. The trend indicated by this comparison is in agree- 
ment with theory which indicates that for optimum propellers an increase 
in the number of blades will increase efficiency under given design 
conditions (advance ratio and power coefficient held constant). 

The addition of one more identical blade to a two-blade propeller 
results in a decrease in efficiency, however, because the effect of 
increasing disk power loading more than balances the tendency of the 
efficiency to be increased by an increase in blade number. (See curves 
for the propellers with two 10-( 3)(o8)-03 blades and with 
three 10-( 3)(o8)-03 blades in fig. 10.) 
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The effect of compressibility on peak efficiency and Dover 
coefficient at the design, blade angle .- Figure 10 shows the effect 


of compressibility on peak efficiency at (3 


0-75R 


= 45 °. 


Figure 11 shows the effect of compressibility on the power 
coefficient for the propeller with three 10-(3)(08)-03 blades and 

the propeller with two 10-(3)(08)-03 blades at P = 45°. This 

0 «75E 

figure indicates the considerable difference in tip Mach number at 
which major changes in power coefficient occur for a two-blade 
propeller as compared with a three-blade propeller under the condition 
of identical blades for both propellers. The comparison is made on 
the basis of peak efficiency for both propellers. The comparative 
magnitudes of the power coefficients for the two propellers are not 
to be considered important because, while peak efficiency tends to 
be insensitive to small variations in J, power coefficient changes 
rapidly with J. 
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National Advisory Committee for Aeronautics 
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TABLE I 

SUMMARY OF TESTS 


Figure 

Tunnel 

speed 

Propeller 

speed 

(rpm) 

Blade angle 

P 0.7K 

(deg) 

3 

Vary 

1140 


25 

30 

35 

4o 

45 

50 

55 

4 

Vary 

1350 

20 

25 

30 

35 

40 

45 

50 


5 

Vary 

1500 






45 



6 

Vary 

1600 

20 

25 

30 

35 

40 

45 



7 

Vary 

2000 

20 

25 

30 

35 





8 

Vary 

2160 

20 

25 

30 






9(a) 

M = 0.56 

Vary 






45 



90>) 

M = 0.60 

Vary 



1 



45 



9(c) 

M = 0.64 

Vary 






45 
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Fraction of tip -radius , x 
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Figure 1.- NACA 10-(3)(08) -03 blade-form curves. 


Blade section design lift coefficient, 


Envelope efficiency. 


CD 


1.0 
.9 
.81 

7 
.6 
.5 
4 

.3 i 

.2 

.1 j 

o ! 


CONFIDENTIAL 


0 



rpm 

1140 

1350 

1600 

2000 

2,60 


4 


.8 10 1.2 14 1.6 IS 20 2.2 24 

Advance ratio, J confidential 


NACA..^ j 

26 2.8 3.0 3.2 


Figure 2.- Envelope efficiency of three-blade propeller with NACA 10-(3)(08) -03 blades. 
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Thrust coefficient, Cj 



(a) Thrust coefficient. 


Figure 3.- Characteristics of three-blade propeller with NACA 10-(3)(08) -03 blades. Rotational speed, 

1140 rpm. 
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(b) Power coefficient. 

Figure 3.- Continued. Rotational speed, 1140 rpm 
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(c) Efficiency. 

Figure 3.- Concluded. Rotational speed, 1140 rpm. 
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(a) Thrust coefficient. 

Figure 4.- Characteristics of three-blade propeller with NACA 10 -(3) (08) -03 blades. Rotational speed, 

1350 rpm. 


NACA EM No 


Power coefficient, Cp 


.30 - 
.28 
.26 
.24 
.22 | 
.20 I 
18 
[ 1 6 
1 14 
ll2 
. 10 
.08 
.06 
04 
.02 ~ 


— 4— j- 

o 







a 

if 


... L 


32 


Fror? p 






C 

r ■ 1 vr-r 

ONFIDE 

[INITIAL 

SIB 


m 




Sr 





Lit 





■ 















:!• ; 











































































M 






: '1 















































— t- 














- : 































43] 














■ | 

































"p-r 

-r— r 







•I ■ 

1 • 



■i :■ 




■ 














zh 










































‘"It 

• :‘h •: 











l 1 























: 




L 














































\ 







Mi 

: '~r 










-1 .. 

















. p 









m 








tip 






































VF 






j ... 

r :: if 5 il 





. 





JI..; 























V 


















ilk. 




























\ 









lJ 





m 




. 




.. 






SI 

















! 


V 

T. 













\ 































ft 






• i 











R 







4 l 



























~ t 

lL... ... 



■ 



V 







m 




























!x . 



















.pi 

4_ 




. 















H — 
















•j >i 





y 1 







L_j • 




























1 






\ 







M 








ti 


ME 




B 





M 
















■n— ‘ 

Ms 












.\L 







iL 



















~r~- 













‘ \ 














Mr 




LI 




L 




















•1 

$ 













\ 


































\ 

‘ : 












. t 













: 











SI 



rTF 






















- 














.... 












Ai 

















.-Ill 
















3 















— r 


1“ 

.1.1 







































V" 




"V 















W 


















fe 









" V 




f\ 





3L 













i 





























ILi 





















































A 







i V 






A! 



































• \ 





. - 



















































i...L 






m 


























H 
















v 
















. 




























iL 



V 






























s 


















. 



• -1 




• 















. 









ito 



\ 















■ 4 































P5 . ' 











; \ " 




































Y 

















fi” 

A 

r-p 



' j 1 


























“j N 

v “T 











; 1 
















33 




















11., L 



\ 



— 

tL 





u . 










































t! 

v 





■ 






\ i 











• : | - 









■ 










~r\- 



y 



_L. 












! 



























:±3 



YT 



\ 





i\ 


. ! . 



. 

ir 






























Mi i 




\ 



. \ 





...lV 









































- r~ 

LA 










A— 






ip 




















T 

/w 20 ° 250 






30° 


m 


-ft 




35° 




40* 




- tf - 



0 .2 4 .6 .8 f .0 1.2 , 1.4 16 1.8 20 2.2 2.4 2.6 2.8 3.0 3.2 3.4 36 3.8 4.0 

Advance ratio, J CONFIDENTIAL 

(b) Power coefficient. 

Figure 4.- Continued. Rotational speed, 1350 rpm. 
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(c) Efficiency. 

Figure 4.- Concluded. Rotational speed, 1350 rpm. 
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Figure 5.- Characteristics of three-blade propeller with NACA 10-(3)(08) -03 
blades. /3 q 75R = 45°. Rotational speed, 1500 rpm. 
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(a) Thrust coefficient. 

Figure 6.- Characteristics of three-blade propeller with NACA 10-(3)(08) -03 blades. Rotational speed, 

1600 rpm. 
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Figure 6.- Continued. Rotational speed, 1600 rpm. 
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(c) Efficiency. 

Figure 6.- Concluded. Rotational speed, 1600 rpm. 
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(a) Thrust coefficient. 

Figure 7.- Characteristics of three-blade propeller with NACA 10-(3)(08) -03 blades. Rotational speed, 

2000 rpm. 
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(b) Power coefficient. 

Figure 7.- Continued. Rotational speed, 2000 rpm 


NACA RM No. L8Hl6 


Efficiency, rj 



Advance ratio, J 


> 


S2J 

o 


5 

P 

CT\ 


(c) Efficiency. 

Figure 7.- Concluded. Rotational speed, 2000 rpm 
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(a) Thrust coefficient. 

Figure 8.- Characteristics of three-blade propeller with NACA 10-(3)(08) -03 blades. Rotational speed, 

2160 rpm. 
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(b) Power coefficient. 

Figure 8.- Continued. Rotational speed, 2160 rpm. 
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(c) Efficiency. 

Figure 8.- Concluded. Rotational speed, 2160 rpm 
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(a) Air-stream Mach number at maximum efficiency, 0.56. 

Figure 9.- Characteristics of three-blade propeller with NACA 10-(3)(08) -03 
blades at high forward speeds. 0 q = 45°. 
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(b) Air-stream Mach number at maximum efficiency, 0.60. 
Figure 9.- Continued. 
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(c) Air -stream Mach number at maximum efficiency, 0.64. 
Figure 9.- Concluded. 
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Figure 10.- Effect of compressibility on peak efficiency at design blade angle. 
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Figure 11.- Effect of compressibility on power coefficient at design blade angle for the three-blade 
propeller in comparison with the two -blade propeller of reference 1. 


ro 

MO 


Air- stream Mach number, 



